Robert C. Colwell, Reg. No. 27,431 (650) 326-2400 

Applicant: Hisae SHIBUYA, et al. ^. . <?r\/\ 

\ AMH APPARATI FOR ANALYZING DEFECT ... VV I £U4 



Title: METHOD AND APPARATUS FOR ANALYZING DEFECT . 
AttyD cketNo. 16869S-095400US 
Sh t 1 of 16 



FIG. 1 



101 ~ 


INSPECTION 
APPARATUS 


NO. 


X 

COOR- 
DINATE 


Y 

COOR- 
DINATE 


SIZE 


BRIGHT- 
NESS 






1 
















2 












102 — 


DEFECT ! 
DATA 


3 

























WAFER 
MAP 



3£ 



IDENTIFYING 
REPEATED 
DEFECTS 



IDENTIFYING 
CLUSTERED 
DEFECTS 



IDENTIFYING 
ARC-SHAPED 
REGIONAL 
DEFECTS 



IDENTIFYING 
RADIAL 
REGIONAL 
DEFECTS 



IDENTIFYING 
RING AND BLOB 
TYPE REGIONAL 
DEFECTS 



EXTRACTING 
RANDOM 
DEFECTS 



103a 




104a 




105a 






r IDENTIFYING 


j 106a 






LINE TYPE 






REGIONAL 


\ < 






c DEFECTS 






2 ^ 



107a 




108a 




103b /Tn 




104b 




105b S~ 




107b r 






108b 





Robert C. Colwell, Reg. No. 27,431 (650) 326-2400 

Applicant: Hisae SHIBUYA, et ai 
Title: METHOD AND APPARATUS .FOR ANALYZING DEFECT 
AttyDock tNo. 16869S-095400US 
Sh t 2 f 16 



FIG. 2 



DEFECT POSITION INFORMATION 

i 

SUPERIMPOSE CHIP AND CREATE MAP 

I 

CREATE VORONOI DIAGRAM AND 
CALCULATE DISTANCE BETWEEN 
ADJACENT DEFECTS ON MAP 



EXCLUDE CLUSTERED DEFECTS 
(d<d1) IN ONE CHIP 



DETECT CLUSTERED DEFECTS 
(d<d2) AS REPEATED DEFECTS 



FIG. 3 



Robert C. Colwell, Reg. No. 27,431 ( feo) 326-2400 
Applicant: Hisae SHIBUYA, et al. 
Titl : METHOD AND APPARATUS FQR ANALYZING DEFECT ... 
Atty Dock t No.' 16869S-095400US 
Sheet 3 of 16 




VOTING SPACE 



POLAR COORDINATE 
CONVERSION 



Robert C. Colwell, Reg. No. 27,431 (650) 326-2400 

Applicant: Hisae SHIBUYA, et at. 
TitI : METHOD AND APPARATUS, FOR ANALYZING DEFECT... 
AttyDocktNo. 16869S-095400US 
She t 4 of 16 



FIG. 5 



DEFECT POSITION INFORMATION 



CREATE PERPENDICULAR BISECTOR VOTING IMAGE 



S501 



DETECT MAXIMUM VOTING NUMBER (x, y) AS CENTER 

CANDIDATE 



S502 




END 



POLAR COORDINATE CONVERSION IMAGE WITH 
(x, y) AS ORIGIN 



S504 



CALCULATION OF PROJECTION ONTO r AXIS AND 
DETECT r OF MAXIMUM PROJECTION VALUE 



DIGITIZE POLAR COORDINATE CONVERSION IMAGE 



S505 



S506 



DETECT HORIZONTAL SEGMENT AT POSITION OF r OF 
MAXIMUM PROJECTION VALUE 



END 



S507 




INVERSELY CONVERT INTO xy PLANE AND DETECT 
ARC-SHAPED REGIONAL DEFECTS 



EXCLUDE THE DETECTED ARC-SHAPED DEFECTS FROM 
THE OBJECT TO BE PROCESSED 



S509 



S510 



Robert C. Colwell, Reg. No. 27 A3* (650) 326-2400 

Applicant: Hisae SHIBUYA, et al. 
Title: METHOD AND APPARATUS. FOR ANALYZING DEFECT ... 
AttyDock tN . 1 6869S-095400US 
Sh t 5 f 16 



FIG. 6 




xy SPACE p 0 SPACE 



FIG. 7 



\ 


.1 






— B A • . B 


0 

/ 


\ 


p 

n 


— s >c ^ 





e 



xy SPACE 



/o 0 SPACE 



Robert C. Colwell, Reg. No. 27,431 (650) 326-2400 

Applicant: Hisae SHIBUYA, et a/. 
Title: METHOD AND APPARATUS fOR ANALYZING DEFECT ... 
AttyDock tNo. 16869S-095400US 
She t 6 f 16 



FIG. 8 



DEFECT POSITION INFORMATION 

i 



COMBINATORIAL HOUGH TRANSFORM 



S801 



DETECT A PREDETERMINED NUMBER OF PEAKS 



S802 



CALCULATE RATE a WITH RESPECT TO DETECTION 
PEAK OF THE PEAKS WITHIN A RANGE AROUND p =0 



S803 



S804 



a IS EQUAL" 
TO OR SMALLER 
THAN THRESHOLD 
VALUE 

,YES 



END 



DIGITIZE PEAK VICINITY AND PERFORM LABELING 



S805 



S806 



EQUAL TO 
OR GREATER THAN A 
PREDETERMINED 
NUMBER? 

.YES 



NO 



END 



DECIDE p 6 FROM LABEL AND DETECT RADIAL 
REGIONAL DEFECTS 



S807 



Robert C. Colwell, Reg . No. 27,431 ( 650) 326-2400 
Applicant: Hisae SHIBUYA, et a/. 
TitI : METHOD AND APPARATUS, FOR ANALYZING DEFECT ... 
Atty Docket No. 16869S-095400US 
Sh t 7 f 16 



FIG. 9 



DEFECT POSITION INFORMATION 

I 



HOUGH TRANSFORM 



DETECT ( 6 , p ) OF MAXIMUM VOTING NUMBER AS 
CANDIDATE STRAIGHT LINE 



S901 



S902 



CALCULATE p -DIRECTION WIDTH (=WIDTH OF 
CANDIDATE STRAIGHT LINE) OF PORTION NOT 
SMALLER THAN a% OF MAXIMUM VOTING NUMBER 



S903 



S904 



W EQUAL TO 
OR SMALLER THAN 
THRESHOLD 
^VALUE? 

[YES 



NO 



END 



ROTATE WAFER MAP AND CREATE GRAY LEVEL IMAGE 
AT THE PERIPHERY OF CANDIDATE STRAIGHT LINE 



S905 



PERFORM DIGITIZATION AND CHECK WHETHER LINE 
TYPE DEFECT DISTRIBUTION IS PRESENT 



S906 




END 



DETECT LINE TYPE REGIONAL DEFECTS — - S908 



EXCLUDE DETECTED LINE TYPE DEFECTS FROM 
OBJECT TO BE PROCESSED 



S909 



Robert C. Colwell, Reg . No. 27,431 ( 650) 326-2400 
Applicant: Hisae SHIBUYA, et a/. 
Titl : METHOD AND APPARATUS FQR ANALYZING DEFECT ... 
AttyDock tNo. 16869S-095400US 
Sh t 9 of 16 



FIG. 11 



101 



INSPECTION 
APPARATUS 



102 






NO. 


X 

COOR- 
DINATE 


Y 

COOR- 
DINATE 


SIZE 


BRIGHT- 
NESS 




1 












2 












i 3 

























WAFER MAP 



HIGH DENSrTY 
AREA IMAGE 



DISTRIBUTION 
PATTERN 



103 




-706 



MATCHING SCORE 
CALCULATION 



r 



1 



705 < 



V 

707-^ 



BLOB TYPE 



USER REGISTRATION PATTERN 



V Robert C. Colwell, Reg. No. 27,431 (650) 326-2400 

Applicant: Hisae SHIBUYA, e* a/. 
Titl : METHOD AND APPARATUS FOR ANALYZING DEFECT ... 
Atty Dock t No. 16869S-095400US 
Sh t 10 of 16 



FIG. 12 



DEFECT POSITION INFORMATION 



CREATE NEAREST-POINT VORONOI DIAGRAM 
AND CALCULATE AREA OF VORONOI CELL AT 
EAT POINT 



S1201 



CALCULATE HISTOGRAM OF VORONOI CELL AREA 



CALCULATE PIXEL SIZE ACCORDING TO 
MODAL VALUE 



CREATE IMAGE WHERE NUMBER OF DEFECTS 
PER PIXEL IS REPRESENTED BY GRAY LEVEL 



S1202 



S1203 



S1204 



DIGITIZATION 



S1205 



EXPANSION/CONTRACTION 



S1206 



HIGH DENSITY AREA IMAGE ~ 70 



Robert C. Colwell, Reg. No. 27,431 (650) 326-2400 

Applicant: Hisae SHIBUYA, etal. 
Title: METHOD AND APPARATUS FOR ANALYZING DEFECT ... 
AttyD cketNo.16869S-095400US 
Sh t 11 of 16 



FIG. 13 



RADIUS VARIATIONS 




CO 

o 
fee 



Q 






ab 



abc 




be 





PART VARIATIONS 



CO 

g 

I 

s 

I- 

DC 



y Robert C. Colwell, Reg. No. 27,431 (650) 326-2400 

Applicant: Hisae SHIBUYA, et at. 
Title: METHOD AND APPARATUS FOR ANALYZING DEFECT ... 
AttyDock tNo. 16869S-095400US 
Sh t 12 of 16 



FIG. 14A FIG. 14B FIG. 14C FIG. 14D 




FIG. 14E FIG. 14F FIG. 14G 




FIG. 15 



705a 



708a 




MATCHING 
SCORE 




705b 



708b 



MATCHING 
SCORE 




Robert C. Colwell, Reg. No. 27,431 ( 650) 326-2400 
Applicant: Hisae SHIBUYA, et al. 
Titl : METHOD AND APPARATUS FOR ANALYZING DEFECT ... 
AttyD ck tN . 16869S-095400US 
She t 13 of 16 



709 



FIG. 16 



WAFER MAP 



HIGH DENSITY 
AREA IMAGE 



RING TYPE REGIONAL 
DEFECTS IDENTIFICATION 
RESULT 



103^ #m&sh 



<3* ^ A 



INSPECTION 
AREA IMAGE 



MATCHING J 

TEMPLATE PATTERN 



704 





705 



706 



FIG. 17 



902a 902b 902c 



901 





902 



n SELECTED BY USER, SUPERIMPOSED 

IN DISPLAY SELECTED BY USER, 
<J? SUPERIMPOSED IN DISPLAY g 03 



REGISTRATION 





Robert C. Colwell, Reg. No. 27,431 (650) 326-2400 

Applicant: Hisae SHIBUYA, et at. 
Title: METHOD AND APPARATUS FOR ANALYZING DEFECT ... 
Atty Docket No. 16869S-095400US 
She t 14 of 16 




FIG. 19 



302 



301 



PATTERN 
INFORMATION 
ADDITION MEANS 



STORAGE 
MEANS 



102 



DEFECT 
DATA 



306 



USER PATTERN 
REGISTRATION 
MEANS 



311 



107 



PATTERN 
INFORMATION 
DATA 



USER 
REGISTRATION 
PATTERN 



INSPECTION 
MEANS 



DEFECT DATA 
ANALYSIS 
MEANS 



DISPLAY 
MEANS 



303 



304 



305 



Robert C. Colwell, Reg. No. 27,431 (650) 326-2400 

Applicant: Hisae SHIBUYA, etai 
Titl : METHOD AND APPARATUS FOR ANALYZING DEFECT... 
AttyD cketN . 16869S-095400US 
She t 15 f 16 



FIG. 20 



302 



301 

c±. 

PATTERN 
INFORMATION 
ADDITION MEANS 



STORAGE 
MEANS 



102 



307 

SAMPLING 
CONDITION 
CREATION MEANS 




.311 



306 



USER PATTERN 
REGISTRATION 
MEANS 



312 



107 



DEFECT 
DATA 



PATTERN 
INFORMA- 
TION 
DATA 



SAMPLING 
CONDITION 



USER 
REGIS- 
TRATION 
PATTERN 



INSPECTION 
MEANS 



303 




DEFECT DATA 
ANALYSIS 
MEANS 



SAMPLING 
MEANS 



DISPLAY 
MEANS 



304 



308 



305 



FIG. 21 



TYPE : X X X X X 
LOT : A5050 
W# : 5 

PROCESS : OO 



PATTERN 
IDENTIFICATION 
RESULT 



POSITION: CENTER 
SIZE: INTERMEDIATE 
SHAPE: BLOB 



SAMPLING 
RESULT 




Robert C. Colwell, Reg. No. 27,431 (650) 326-2400 

Applicant: Hisae SHIBUYA, et al. 
Title: METHOD AND APPARATUS FOR ANALYZING DEFECT ... 
Atty D ck t N . 16869S-095400US 
She t 16 f 16 



FIG. 22 



404 

c± 

DEFECT DATA 
ANALYSIS 
APPARATUS 



102 



A 



102 



FOREIGN 
MATTER 
INSPECTION 
APPARATUS 



401 




407 



z . s 



OPTICAL 
PATTERN 
DEFECT 
INSPECTION 
APPARATUS 



402 



SEMTYPE 
PATTERN 
DEFECT 
INSPECTION 
APPARATUS 



REVIEW 
APPARATUS 



403 



405 



